Disgust plays a crucial role in the avoidance of pathogen threats. In many species, body odors provide important information related to health and disease, and body odors are potent elicitors of disgust in humans. With this background, valid assessments of body odor disgust sensitivity are warranted. In the present article, we report the development and psychometric validation of the Body Odor Disgust Scale (BODS), a measure suited to assess individual differences in disgust reaction to a variety of body odors. Collected data from 3 studies (total n = 528) show that the scale can be used either as a unidimensional scale or as a scale that reflects two hypothesized factors: sensitivity to one's own body odors versus those of others. Guided by our results, we reduced the scale to 12 items that capture the essence of these 2 factors. The final version of the BODS shows an excellent internal consistency (Cronbach's αs > 0.9). The BODS subscales show convergent validity with other general disgust scales, as well as with other olfactory functions measures and with aspects of personality that are related to pathogen avoidance. A fourth study confirmed the construct validity of the BODS and its measurement invariance to gender. Moreover, we found that, compared with other general disgust scales, the BODS is more strongly related to perceived vulnerability to disease. The BODS is a brief and valid assessment of trait body odor disgust sensitivity.
Introduction
The behavioral immune system For individuals to survive and remain in good health, avoiding contamination from pathogens is critical. Specifically, it is necessary to (i) detect cues of pathogen threats, (ii) activate the appropriate affective and cognitive responses, and (iii) trigger the relevant avoidance behaviors. The so-called behavioral immune system (BIS, Schaller 2006; Schaller and Park 2011) refers to a set of psychological responses that serves these functions (Schaller and Park 2011) . Detection of disease cues may even prime the immune system in case of a pathogen attack (Schaller et al. 2010; Stevenson et al. 2011, 
Body odor and BIS
Olfactory disgust has been largely neglected within the BIS framework. It has been proposed that taste is the chemical sense from which feelings of disgust originates (Rozin et al. 2009; Schienle et al. 2015) . Nonetheless, olfaction should play a critical role in everyday BIS function, as olfactory sensations might uniquely detect potential microbial threats before they reach our body (Stevenson 2010) . The facial display of emotion includes the raising of the upper lip and the protrusion of the tongue, which can be deemed as a vestige of the gag reflex (Rozin and Fallon 1987) but also involves minimizing the nasal air intake to reduce odor-induced disgust (Susskind et al. 2008) . A recent review suggested that the olfactory bulb is a critical immunosensory organ, as it can effectively clear viruses (Durrant et al. 2016) . This observation corroborates the hypothesis that olfaction plays a role in the immune system.
There is growing evidence that olfaction assists human social behaviors (Aglioti and Pazzaglia 2011) , in a similar way as it guides mammalian behaviors related to reproduction, gestation, group membership, and rank (Doty et al. 1975) . Body-generated odors are considered strong disgust elicitors across cultures (Curtis and Biran 2001) , are highly stigmatized in contemporary Western culture (Soo and Stevenson 2007) , and may have profound effects on social interactions (Low 2006) . Moreover, body odors carry information regarding the presence of disease (Shirasu and Touhara 2011) , and humans seem to be able to determine health status from such body odor cues already early in the disease process (Olsson et al. 2014) .
In established disgust scales, olfactory disgust occupies a very small space. In the Disgust Scale-Revised (DS-R, Olatunji et al. 2007) , only 2 of the 27 items (7%; olfactory items represent 16% (6 of the 37) of the Questionnaire for the Assessment of Disgust Proneness (Schienle et al. 2002) , which is a German adaptation of the original DS from Haidt et al. (1994) ) involve olfactory disgust ("You are about to drink a glass of milk when you smell that it is spoiled" and "While you are walking through a tunnel under a railroad track, you smell urine"). Of the items related to other sensory modalities, 10 (31%) involve vision, 6 (19%) touch, 4 (12.5%) taste, and 1 (3%) hearing. Similarly, in an alternative assessment where disgust responses are conceptualized as belonging to pathogen, sexual, or moral domains (TDDS, Tybur et al. 2009) , olfaction is present in only 1 (5%) of TDDS items. Considering the pathogen domain subscale of the TDDS, only 1 of the 7 (14%) items relates to olfactory processing ("Standing next to someone on the bus who has strong body odor"), whereas 4 items (43%) involve visual cues (e.g., "Seeing a cockroach run across the floor"), other 2 (28%) involve tactile cues (e.g., "Shaking hands with a stranger who has sweaty palms") and the remaining 1 (14%) might be viewed as a mix of tactile, odor, and visual cues ("Stepping on dog poop"). Because social interactions come at the risk of infection, and because body odors signal illness, body odor disgust should be an important aspect of a disease avoidance system. However, the lack of emphasis on body odor disgust in established disgust assessments, and the lack of designated assessments of body odor disgust sensitivity, leaves a gap in the existing literature.
Subsequently we report results from the development of the Body Odor Disgust Scale (BODS). The initial scale covered 7 types of body odors (breath, upper body sweat, feet, feces, urine, genitals, and gas), each of which appeared in 5 different contexts: ownsmell alone at home, own-smell near a friend/partner, own-smell near an unfamiliar person, the smell of a friend/partner, and the smell of an unfamiliar person. These different scenarios were setup in order to investigate whether the sensitivity to body odors was further modulated by the source (internal vs. external) or the level of social proximity with the source (friend or stranger). If disgust protects us from disease, we would expect that external sources would be rated as more disgusting than internal sources (Stevenson and Repacholi 2005) .
Across 3 studies (see Table 1 ), we investigated the factor structure of the BODS and how individual differences in disgust sensitivity to body odors related to different measures of disgust and pathogen avoidance, olfactory functions, personality, and other demographic variables.
The factorial structure established in the first three studies guided a reduction of scale items, and a fourth study was conducted to confirm the factorial structure in an independent sample.
The overarching aim of the present study is to validate a scale that specifically aims at measuring sensitivity to odors generated by the human body. Previous BIS scales did not emphasize the role of olfaction or body odors in activating BIS-related emotions and behaviors.
Methods

Participants
There were 528 participants (233 female, 44%) across 3 studies who completed the 35-item BODS, along with other measures (see Table 1 ).
All participants were recruited through Amazon Mechanical Turk, and they were each paid USD 0.50 for their participation.
The mean age was 33.49 years (±10.95 standard deviation [SD] ). Eleven participants (2%) did not receive any higher education, 37 (7%) received a high school diploma or equivalent, 109 (21%) attended college, 44 (8%) received an associate degree, 230 (44%) a bachelor degree, 80 (15%) a master degree, 14 (3%) a professional degree, and 3 (<1%) a doctorate degree. In terms of race/ ethnicity, 285 (53.9%) defined themselves as White, 188 (37.6%) as Asian, 31 (5.9%) as Black/African American, and 15 (2.8%) as Latino/Hispanic.
Ethics
All participants were provided a digital informed consent form and gave their informed consent prior to inclusion in the study by choosing to proceed with the surveys. Participants were compensated for their time, and procedures were carried out in accordance with the principles of the 1964 Declaration of Helsinki.
Item development
We identified 7 types of odors that are emitted by the human body and that have been associated with cues of illness (Shirasu and Touhara 2011) : sweat, feet, breath, genitals, urine, gas, and feces. We then set up hypothetic scenarios in which participants had to imagine themselves detecting each of these body-generated odors that could be generated either by themselves (internal source) or by other people (external source). This imagined body odor detection scenarios could occur in 5 social settings where the person is exposed to: (i) their own odor, perceived while alone; (ii) their own odor, perceived in the presence of a familiar person; (iii) their own odor in the presence of an unfamiliar person; (iv) odors originating from a familiar person; and (v) odors originating from an unfamiliar person. The first 2 scenarios involve internal sources, whereas the remaining 3 scenarios involve external ones.
In each of the 35 smell-context combinations (see Supplementary  Table S1 ), participants had to rate to what extent each scenario elicits disgust on a Likert-type scale ranging from 1 ("not disgusting at all") to 5 ("extremely disgusting").
BIS measures
As disgust sensitivity to body odors is relevant in the detection and avoidance of pathogen threats (Olsson et al. 2014) , we expected measures assessing the individual sensitivity on scales related to BIS to correlate positively with BODS.
Subsets of participants completed one or more of the below questionnaires (see also Olatunji et al. 2007 , n = 328) and its subscales: core disgust, contamination, and animal reminder. 2) A complete 21-item version of the TDDS questionnaire (Tybur et al. 2009 ) that included sexual, moral, and pathogen domains of disgust (n = 200), although only the pathogen subscale (and, to a less extent, the sexual one) were relevant to the BIS. 3) A 7-item pathogen subscale of the TDDS (n =159, nonoverlapping with those completing the full TDDS). 4) The PVD scale (n = 159) that includes subscales assessing perceived infectability and germ aversion. 5) Two hundred participants answered to 2 items regarding the importance of hygiene in men and women ("It is important for men/women to be very careful about their personal hygiene.").
Because the 2 items were highly correlated (r = .83), we averaged the 2 scores to provide an index of concern for hygiene (Cronbach's α = .91).
Self-reported olfaction measures
We also investigated how the BODS is related to measures of olfactory skills, by collecting direct measures of self-reported olfactory function, self-reported measures of the ability to imagine scents, and of the relevance of the sense of smell in everyday life. Having a functional sense of smell is a prerequisite for experiencing odorinduced disgust, but from the viewpoint of the BIS, affective reactivity, rather than sensory acuity, should be a stronger predictor of BODS scores. Indeed, although Ille et al. (2016) found that olfaction impairment (i.e., anosmia and hyposmia) decreased disgust proneness, this effect was specific for spoilage-related disgust elicitors and did not extend to body secretions. We thus expected assessments of olfactory function to display small positive correlations with the BODS. We also tested how the BODS is related to more general negative responses to environmental odors. As the BODS uniquely relates a specific domain of unpleasant odors to a specific affective response, we expected moderate positive correlations between BODS and generally negative responses to environmental odors. Subsets of participants completed one or more of the following olfaction-related measures: 1) Self-reported olfactory skills (n = 367). Participants responded to a single item ("In general, how good are you at detecting faint odors?") on a rating scale from 1 ("very good") to 7 ("I do not have a sense of smell"). The item was then reverse coded. 2) The Olfactory Orientation scale (OOS, Arshamian et al. 2011) that measures the overall importance of odors in respondents' life experiences. TDDS, Three Domains of Disgust Scale; OOS, Olfactory Orientation; OIS, Olfactory imagery; CSS, Chemical Sensitivity Scale; Smell Skill, Self-reported smell skill; hygiene, self-reported hygiene concerns; DS-R, Disgust SensitivityRevised; BFAS, Big Five Aspects Scale, only neuroticism and conscientiousness aspects; TDDS-pat, Three Domains of Disgust Scale, pathogen disgust subscale only, PVD, Perceived Vulnerability to Disease.
3) The Olfactory Imagery scale (OIS, Gilbert et al. 1998 ) that measures how well respondents can imagine odors that are not present. 4) The Chemical Sensitivity Scale (CSS) that measures respondents' negative reactions to odorous/pungent substances in the environment ).
Personality measures
Individual differences in BIS sensitivity measures are known to be positively associated with neuroticism (Haidt et al. 1994; Duncan et al. 2009; Tybur et al. 2009 ) and conscientiousness/orderliness (Druschel and Sherman 1999; Tybur and de Vries 2013) . In our study, a subset of 200 participants completed the subscales of neuroticism (including its aspects volatility and withdrawal) and conscientiousness (including its aspects industriousness and orderliness) of the Big Five Aspects Scales (BFAS, DeYoung et al. 2007) . Consistently with previous studies, we expected the BODS to correlate positively with neuroticism and conscientiousness.
Results
Inter-item correlations
Inter-item correlations were computed among all 35 items for the 528 participants who answered every item. The average inter-item correlation was 0.56.
Factor analysis
As the sample was large (n > 200), we visually inspected the normality of the item distribution (Field 2009 ) and found that the distribution of several items was negatively skewed. We thus conducted an exploratory factor analysis (EFA) using a principal axis (PA) factor method with the method of minimal residual (Harman 1960) . Following the Cattell's criterion (Cattell 1966) for choosing the appropriate number of factors, we observed the scree plot of the "eigenvalues" extracted through the PA, which clearly suggested a one-factor solution. We also explored the 3 factors solution following the Kaiser's criterion (i.e., retaining components whose "eigenvalues" > 1; Kaiser 1960 ) and applied a "varimax" rotation to increase their interpretability. The first factor was loaded maximally by internal sources of body odors; the second factor was loaded maximally by external sources of body odors; and the third factor was loaded by genital items. These results indicate that the third factor assesses a construct that is different from body odor disgust, we thus decided to remove these items from further analyses and to perform another PA on the remaining 30 items. Again, a scrutiny of the scree plot of the "eigenvalues" extracted through the PA clearly suggested a one-factor solution. We also explored the two factors solution following the Kaiser's criterion and applied a "varimax" rotation to increase their interpretability. Again, the first factor was loaded maximally by internal sources of body odors, the second was loaded maximally by external sources of body odors.
A closer inspection of the factor loadings revealed that many items showed a high level of complexity as they loaded similarly onto the 2 factors. We thus decided to retain only the items in which the participants own body odors were perceived without a social context, and the items in which the odors emanated from an unfamiliar person, as these were the items that consistently showed the lowest levels of complexity.
We thus conducted another FA only on these 12 items. This time, the scree plot of the "eigenvalues" extracted through the PA clearly suggested a two-factor solution. As the second "eigenvalues" displayed a value very close to the threshold criterion of 1 (0.99), we explored the 2-factor solution.
This time, the factorial structure was simpler, as the remaining items clearly loaded on either the internal or the external source factors (see Table 2 ). This allowed us to build a shorter version of the scale.
Thus, in the following analyses, we will investigate the validity of this final version of the BODS with 2 subscales (internal vs. external sources).
Additional factor analyses were performed separately on male and female participants.
The factor structure and items loading on each factor were consistent across these demographic categories. Indeed, we found that the factor loadings for women correlated very highly with the items factor loadings for men (r = 0.97). 
Internal consistency
The remaining 12 items showed an excellent level of internal consistency (Cronbach's α = 0.93 and average inter-item correlation = 0.55). However, given the evidence for its bidimensional nature, we assessed also the internal consistency for the 2 subscales and found an identically high level of internal consistency for the two 6-item subscales (Cronbach's αs = 0.91 and average inter-item correlations = 0.64). The 2 subscales score were highly correlated (r = .67) and, for this reason, we will further explore also the validity of the BODS as a unified scale.
Construct validity and correlates
Within the whole sample of 528 individuals, smaller subsets of participants additionally completed well-validated scales for measuring individual differences in disgust, personality traits, and olfactory responses. These data were used to validate the BODS construct through hypothesis-driven correlation assessments.
BIS measures
The BODS and its 2 subscales presented an almost identical pattern of reliable positive correlations with all of the BIS measures (see Table 3 ), showing the strongest correlation with the DS-R contamination subscale (rs = 0.65). Also, it is worth noting that, as compared to the other DS-R subscales, the animal reminder was the one that correlated the least with the BODS (zs > 3.5, Ps < 0.001). Interestingly, concern for hygiene was more strongly correlated (i.e., to test the difference between correlation coefficients, we used a Fisher r-to-z transformation on the coefficients, then computed their difference and divided by its standard error to compute the z score of the difference) with disgust sensitivity for other people's body odors (external source subscale) than disgust for one's own body odors (internal subscale; z = 2.14, P = 0.01). On the other hand, the DS-R contamination subscale correlated more with disgust sensitivity to body odors coming from an internal source than with disgust sensitivity to body odors coming from an external source (z = 2.36, P = 0.025).
PVD is explicitly designed to measure disease concerns, so we also tested whether BODS relates to this measure to a higher degree than does the other 2 disgust sensitivity measures, TDDS-pat and DS-R. We found that TDDS-pat and DS-R (we considered the opportunity to include also the DS-R subscales (animal reminder, core disgust, and contamination), but we found a poor internal consistency (Cronbach's α = 0.55) for the DS-R contamination subscale in study 3 and concluded that the DS-R is more reliable as a unique measure) positively and reliably correlated with PVD (rs are both equal to 0.21, Ps < 0.01), but their correlation coefficients were significantly lower than the coefficient of the correlation between BODS and PVD (r = .38, z = 1.67, P = 0.047; in this case, the P value is relative to the 1-tailed test as we hypothesized that the BODS would have correlated with the PVD more strongly than the other disgust-sensitivity measures. In the case of the correlation differences relative to the internal vs. external BODS, instead, we used a 2-sided test because we had not any specific a priori hypothesis on the direction of the effect.).
Olfaction measures
The BODS and its subscales presented an almost identical pattern of reliable and mildly positive correlations (see Table 3 ) with CSS, OOS, and self-reported smell ability.
A different pattern was found for the OIS; the BODS as a whole did not converge with this measure, however its external source subscale did. Additionally, the correlation coefficient of the relationship between OIS and the external source subscale was significantly larger than the coefficient of the relationship between OIS and the internal source subscale (z = 2.06, P = 0.039). Importantly, the relationship between the BODS and BIS measures remained reliable (rs > .24, Ps < 0.005) even when partialing out each of these olfactory measures (CSS, OOS, and self-reported smell skills) by means of a series of partial correlations performed through the ppcor R package (Kim 2015) .
Personality measures
Although conscientiousness and its aspects (industriousness and orderliness) displayed more robust (even though moderate) relationships with the BODS, neuroticism was not reliably correlated with the BODS or its subscales (see Table 3 ).
Demographic measures
Previous reports have found that olfactory functions decline with age (Larsson et al. 2000 (Larsson et al. , 2004 , and thus age might be negatively Correlation coefficients that are significant at an α level of 0.05 are presented in boldface. The rightmost column show the Z statistic for the difference between r coefficients for the 2 subscales (external > internal). Zs that are significant at an α level of 0.05 are presented in boldface. EDU, education; DS-R core, Disgust Sensitivity scale-Revised, core disgust subscale; DS-R cont, Disgust Sensitivity scale-Revised, contamination subscale; DS-R anim, Disgust Sensitivity scale-Revised, animal reminder subscale; TDDS-pat, Three Domains of Disgust Scale, pathogen disgust subscale only; TDDS-sex, Three Domains of Disgust Scale, sexual disgust subscale only; TDDS-mor, Three Domains of Disgust Scale, moral disgust subscale only; PVD, Perceived Vulnerability to Disease; PVD-inf, Perceived Vulnerability to Disease-perceived infectability subscale; PVD-germ, Perceived Vulnerability to Disease-germ aversion subscale; OOS, Olfactory Orientation Scale; OIS, Olfactory Imagery Scale; CSS, Chemical Sensitivity Scale; Smell Skill, Self-reported smell skill; hygiene, self-reported hygiene concerns; DS-R, Disgust Sensitivity-Revised; Neuro, Neuroticism dimension of the BFAS and its Volatility (Vol) and Withdrawal (Wit) aspects; Consc, Conscientiousness dimension of the BFAS and its Industriousness (Ind) and Orderliness (Ord) aspects. associated with BODS scores. Even though we did find a small and negative relationship between BODS and age, this relationship did not reach statistical significance in spite of the relatively big sample size (n = 523). We note that disgust sensitivity is relatively preserved in old age (Ruffman et al. 2008) , and thus our lack of association between BODS and age might be interpreted in line with our results that BIS sensitivity, rather than olfactory sensitivity, is most strongly associated with BODS scores. Finally, level of education did not correlate with BODS scores.
Gender differences and source differences
Given the well-known role of gender (Mancini et al. 2001; Olatunji et al. 2007 ) and body odor source (Stevenson and Repacholi 2005; Case et al. 2006 ) in disgust sensitivity, we explored the role of gender and source in BODS. We entered the scores on the 2 subscales into a mixed-model ANOVA with BODS subscale (external vs. internal) as within-participants factor and gender (woman vs. man) as between-participants factor. The ANOVA showed a very large main effect of the subscale, F(1, 525) = 428.26, P < 0.001, as the external sources evoke higher disgust (mean = 3.57 ± 0.85 SD) than the internal sources (mean = 2.88 ± 0.99 SD, Cohen's D = 0.9). The ANOVA also showed a reliable but small main effect of gender, F(1, 525) = 4.228, P < 0.05), indicating that female participants reported a higher level of body odor disgust (mean = 3.31 ± 1.01 SD) than men (mean 3.16 ± 0.96 SD), although the effect size was small (Cohen's D = 0.18). No statistically significant interaction effect was found, F(1, 525) = 0.177, P = 0.67), as males and females rated body odors as more disgusting independent of source (internal or external; see Figure 1 ).
Ethnicity
Although we had not made any a priori prediction on the role of ethnicity, we explored whether participants differed in their level of BODS depending on their self-defined ethnicity.
We submitted the BODS scores to an ANOVA with self-defined ethnicity as a factor and we indeed found a significant effect of ethnicity, F(5, 521) = 24.05, P < 0.001). We followed up this result via a Tukey multiple comparisons of means and found that self-defined White participants are significantly less easily disgusted by body odors (mean = 2.88 ± 0.79 SD) than Asian participants (mean = 3.66 ± 0.68 SD, P < 0.001) and Black participants (mean = 3.32 ± 0.94 SD, P = 0.03). Hispanic participants (mean = 3.24 ± 0.99 SD) and Native American participants (mean = 3.37 ± 0.72 SD), on the other hand, did not significantly differ from any other group (Ps > 0.18).
Confirmatory factor analysis
In order to test the validity proposed 2-factor model, we performed a confirmatory factor analysis (CFA) on a fourth sample where the final BODS was collected among other measures (N = 269). All participants were recruited through Amazon Mechanical Turk, and they were each paid USD 0.50 for their participation. Demographics of the first 10 participants are missing due to technical error.
One hundred twenty-eight participants (49.6%) defined themselves as female. The mean age was 38.01 years (±13.4 SD). Five participants (2%) did not receive any higher education, 33 (13%) received a high school diploma or equivalent, 58 (22%) attended college, 36 (14%) received an associate degree, 96 (37%) a bachelor degree, 26 (10%) a master degree, 2 (1%) a professional degree, and 3 (1%) a doctorate degree. In terms of race/ethnicity, 220 (85%) defined themselves as White, 22 (8.5%) as Black/ African American, 14 (5.4%) as Latino/Hispanic, and 12 (4.6%) as Asian.
The scale showed, again, high internal consistency either as a whole (Cronbach's α = 0.94) and as a 2-factorial measure, as the Cronbach's αs for the internal and for the external subscales were 0.91 and 0.92, respectively. Table 4 presents the item analyses for the BODS items in the confirmatory analysis sample.
We conducted a CFA through the laavan package in R (Rosseel 2012) . A visual inspection of their distribution confirmed, again, that come of the items were not normally distributed, so we used a robust maximum likelihood estimation (i.e., estimation with robust standard errors and Satorra-Bentler scaled test statistic, see Beaujean 2014) for the CFA.
In order to maximize the simplicity of the structure, no crossloadings between items were allowed, and errors were set as uncorrelated. The unrestricted 1-factor model and a 6-factor model defined by the 6 different body odors constituted the alternative models to be compared with the 2-factor model suggested by the EFA.
The overall fit statistics suggest poor fit for the 1-factor solution Model comparison suggests that the 2-factor solution outperforms the 1-factor and the 6-factor solutions in terms of both Akaike Information Criterion (1-factor = 7749.6, 2-factor = 7416.1, 6-factor = 7736.4) and Bayesian Information Criterion (1-factor = 7879, 2-factor = 7549.1, 6-factor = 7919.8).
The 2-factor model revealed a high correlation (0.74) between the 2 latent variables (LVs): internal and external body odors source. BODS items showed high, standardized factor loadings into the 2 LVs, ranging from 0.76 and 0.87. Examination of the modification indices revealed no possible improvements, thus the 2-factor structures with no cross-loadings nor correlated residuals appears to be optimal as it is.
Finally, we tested for the measurements invariance between male and female participants. We found that, when performing CFAs with a 2-factor solution for the 2 groups separately the overall fitness statistics were similarly and good in both groups (χ 2 /df ≤ 2.85, SRMRs ≤ 0.049, RMSEAs ≤ 0.11, TLIs ≥ 0.92, CFIs ≥ 0.93) and standardized factor loadings were >0.70. Formal test for measurement invariances showed that stricter assumptions did not decrease goodness-of-fit significantly, (Δs ≤ 14.13, ΔCFIs ≤ 0.003, ΔRMSEAs ≤ 0.006).
We can thus assume that the BODS can similarly measure disgust sensitivity to body odors among men and women.
Discussion
The olfactory sense has a primary role in detecting and avoiding pathogen threats (Stevenson 2010 ) and the sense of smell triggers associations to illness (Bulsing et al. 2009 ). Body odors are influenced by pathological processes and body odor perception might have evolved to detect diseases that can be transmitted from one individual to another (Shirasu and Touhara 2011; Olsson et al. 2014) . In spite of its relevance for avoiding pathogen sources, sensitivity to body odors has been largely overlooked in the current measures of the functioning of our behavioral immune system (Schaller and Park 2011) .
We developed a new assessment to target individual differences in disgust sensitivity to body odors that are affected by disease: sweat (axillary and foot), feces (and gas), breath, genital odors, and urine (Curtis et al. 2004; Shirasu and Touhara 2011) . We also assessed how sensitivity to disgusting body odors is affected by their source (internal vs. external), as previous findings showed that we are more easily disgusted by odors coming from external and unfamiliar sources (Case et al. 2006; Stevenson and Repacholi 2005) . We found evidence that the distinction between internal and external sources is relevant in evoking disgust. Also, we found that genital odors constituted an independent factor, and these items were subsequently excluded from the scale. Considering the existence of various cultural taboos regarding sex, excluding these items might improve the cross-cultural use of the BODS.
In order to achieve a simple factorial structure, we also excluded items with a higher complexity such as items that included an internal body odor source put in a social context (e.g., the presence of others) or items where a body odor source was a familiar person (e.g., a friend). These items tended to load both on the internal and on the external source factors, presumably because these items triggered not only disgust but also social emotions such as embarrassment. Removing these items allowed us to have a short and simple 12-item. The final BODS showed an excellent internal consistency both as a unique scale and as a bidimensional scale. A CFA performed on a different sample confirmed the construct validity of the scale and its invariance to gender.
We found that scenarios where the source of body odor is external (e.g., "You are standing next to a stranger and notice that the T-shirt they are wearing smells strongly from their sweat") evoke a remarkably higher disgust response as compared to scenarios where the source is internal (e.g.,"You are alone at home and notice that the T-shirt you are wearing smells strongly from your own sweat"). This finding is in line with previous literature showing less disgust by odors coming from internal (Stevenson and Repacholi 2005) or more familiar (Case et al. 2006) sources. This observation corroborates well with the theoretical notion that external and unfamiliar odor sources convey threats that our immune system is less prepared to cope with. In line with this is also that body odor disgust from external sources, compared with internal sources, was significantly more correlated with concerns of hygiene. On the other hand, the observation that sensitivity to body odor disgust from internal sources correlates more with the DS-R contamination subscale, as compared to sensitivity to body odor disgust from external sources, may limit such a conclusion. But it is worth noting that although the DS-R relates more to the emotional reactivity to pathogen cues, the hygiene concerns relate more to the actual behaviors displayed to prevent contamination. It might be that higher sensitivity to internal sources is an emotional overreaction to cues that only loosely relate to a real pathogen threat. On the other hand, reactivity to external sources, and thus to cues that more likely relate to real threats, might relate to a more justified concern that leads to behaviors that realistically prevent people from contamination.
We found that women are slightly more disgusted by body odors than men. Previous studies found that women are more easily disgusted than men (Druschel and Sherman 1999; Curtis et al. 2004; Olatunji et al. 2007 ), but gender effects are typically strongest for disgust in the sexual domain (Tybur et al. 2009 ). Considering that SD, standard deviation. 1-5%, frequencies of answers (1 = not disgusting at all, 5 = extremely disgusting).
women are more responsive than men to olfactory stimuli in some tasks (Dalton et al. 2002; Nordin et al. 2004; Olofsson and Nordin 2004) , and as women are slightly more verbally proficient regarding odors (Oberg et al. 2002; Larsson et al. 2003) , a slight increase in reported body odor disgust sensitivity is to be expected in women compared with men. Although we had no a priori predictions on the possible role of ethnicity, exploratory analyses showed that Blacks and Asians reported higher levels in BODS when compared with Whites. This finding is in accordance with Haidt et al. (1994) who found that relative to European American participants, African Americans scored significantly higher on the DS. Similarly Tolin et al. (2006) found that Whites scored significantly lower than non-Whites on the DS. Results on disgust sensitivity are paralleled by the observation that African Americans tend to have higher contamination concerns (Williams et al. 2012) . Evidence for a stronger sensitivity to disgust in Asian groups was found in previous studies as well (Vernon and Hirai 2012) . This finding may relate to the evidence that Asian people who have had more historical exposure to pathogens (Chiao and Blizinsky 2010 ) thus adopted cultural and personality traits to avoid contamination.
In line with previous evidence, the BODS and its subscales were associated with the personality trait conscientiousness (Druschel and Sherman 1999; Tybur and de Vries 2013) . Conscientiousness has been described as a trait "having both proactive and inhibitive aspects" (Costa et al. 1991, p. 887) , the proactive aspect including such traits as "need for achievement and commitment to work," and the inhibitive aspect including such traits as "moral scrupulousness and cautiousness" (Costa et al. 1991) . BODS and its subscales correlated with both of these aspects (DeYoung et al. 2007 ): industriousness (e.g., "I finish what I start") and orderliness (e.g., "I keep things tidy "). We note that this trait also correlated with concerns of hygiene and thus to the motivation to avoid pathogen threats, contributing further to the evidence that the BODS taps into a broad pathogen-avoidant trait.
We did not find a reliable association between the BODS and neuroticism, a personality trait previously found related to the BIS sensitivity (Haidt et al. 1994; Duncan et al. 2009; Tybur et al. 2009 ). However, previous studies have reported very small effect sizes (correlation coefficients typically range between 0.15 and 0.23) that do not differ dramatically from the correlation coefficient that was established for the internal source subscale and neuroticism (r = .11). Thus, the present findings are in accordance with the existing literature. The differences in BODS association for neuroticism and conscientiousness might in fact be theoretically meaningful, as neuroticism is mainly linked to fear, whereas conscientiousness is mainly linked to disgust, and these emotions serve distinct adaptive functions (Shariff and Tracy 2011) .
Overall, the BODS displayed a high convergent validity with regard to other BIS scales, namely the TDDS, the DS-R and its subscales, and the PVD. The positive correlation was pronounced for the disgust-related scales (TDDS and DS-R), where the correlation coefficients spanned from 0.37 (BODS external and TDDS sexual disgust) to 0.65 (BODS and the contamination subscale of the DS-R). Such strong associations indicate that the BODS can be considered a new key measure of the BIS sensitivity.
This conclusion may be questioned based on the observation that the BODS similarly correlates with the moral disgust subscale of the TDDS, which measures how we are disgusted by moral violations (e.g., "Shoplifting a candy bar from a convenience store"). Such kind of violations should not be strongly associated with the BIS. However, argued that disgust responses, even though originally evolved to motivate pathogen avoidance, was later co-opted to motivate avoidance and punishment of those who violate moral norms in general. Disgust is indeed involved also in the condemnation of moral violations unrelated to contamination concerns (Jones and Fitness 2008; Chapman et al. 2009; Hutcherson and Gross 2011) . We speculate that not caring about their own body odors could be deemed as a sort of moral violation. At this stage, we cannot rule out this alternative explanation, but we want to emphasize that the BODS correlates highly with other disgust measures that do not include moral violations (e.g., the DS-R), indicating that moral aspects are likely of secondary importance in the BODS.
Importantly, among the the DS-R subscales, the animal reminder correlates significantly lower with BODS. This discriminant pattern is consistent with the observation that animal reminder is the disgust component most weakly related to the core disgust function to prevent the body from contamination. For instance, Olatunji et al. (2008) found that core disgust better predicts physiological reactivity to exposure to vomit, whereas animal reminder better predicted physiological responding during exposure to blood.
Importantly, we also found that the BODS displays a stronger correlation with the PVD when compared with the DS-R and the TDD pathogen subscale, a result that supports the notion that sensitivity to body odors plays a key role in pathogen avoidance.
The role of olfaction in the BODS was confirmed by a milder, but overall reliable, relationship between BODS and other olfactory assessments. The only exception was olfactory imagery (Gilbert et al. 1998) , which is the only scale for which we found a significantly different strength its relationship with the internal and the external subscales of the BODS, as the latter was correlated with OIS significantly more strongly than the former. We speculate that external source scenarios are less familiar to us and that we thus need higher olfactory imagery capacity to represent them vividly and thus to react with disgust. Although the relationship between self-ratings of olfactory ability and performance on standardized tests of olfactory functions is typically low (Nordin et al. 1995; Murphy et al. 2002; Wehling et al. 2011 ), a recent study showed that subjective olfactory evaluations can predict the risk of dementia (Stanciu et al. 2014) .
Even though samples recruited through Amazon Mechanical Turk (M-Turk) may differ from the general population (Paolacci et al. 2010 ), M-Turk samples have been shown to be more diverse and representative than common convenience samples (e.g., college students) typically used in psychological research (Buhrmester et al. 2011; Berinsky et al. 2012) . Most importantly, for the purpose of the present study, M-Turk studies have been shown to be psychometrically valid (Buhrmester et al. 2011; Shapiro et al. 2013) .
Body odors are universally considered as elicitors of disgust (Curtis and Biran 2001) , so future studies are warranted to investigate the validity of the BODS cross-culturally. Another important challenge for future studies is to address whether individual differences in BODS scores might be affected by response bias, a challenge pertinent to all assessments involving self-reports. We predict that BODS scores will be related to actual behavioral and physiological responses to body odor disgust elicitors. Addressing this question will be helpful also in clarifying the apparent discrepancy between the very mild effect observed in the self-reported BODS scores, and the strong gender difference found by Ferdenzi et al. (2013) in disgust ratings on body odors (sweat).
Conclusions
The existing measures of individual differences in BIS sensitivity have largely neglected the role of body odors, an important source of information on pathogen threat. We filled this gap by developing the BODS, a scale in which participants rate how disgusted they would be in scenarios involving different body odors emanating from different sources (internal vs. external). Future studies are warranted to investigate the BODS structure cross-culturally and to investigate how the BODS relates to other behavioral and physiological measures that characterize the experience of disgust triggered by body odors and to validate it against stimulus-induced body odor disgust.
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